Introduction

M. florum also uses an alternative genetic code (Mycoplasma/Spiroplasma code) in which the
72
UGA codon signals the incorporation of a tryptophan in the nascent protein rather than a stop 73 codon, a feature that limits horizontal gene transfer from and to other microorganisms (16, 17).
74
Despite these advantageous characteristics, practically no genetic tools are currently available to 75 reduce and reprogram the genome of M. florum as well as to build artificial gene circuits. Expectation (MUSCLE) tool (3.8.31) (31). Alignments were cured using Gblocks 0.91b (32) and 153 phylogeny was assessed using PhyML 3.1/3.0 aLRT (33) with a bootstrapping procedure 154 repeated 1000 times. Phylogenetic tree was drawn using TreeDyn (34).
156
The consensus sequence for DnaA boxes of the Spiroplasma group was generated by 157 providing the intergenic regions upstream and downstream of the dnaA gene to the Multiple Em 158 for Motif Elicitation (MEME) tool (35) using the "any number of repetitions" option and a 159 maximum motif length of 15 pb. Precise locations of DnaA boxes within the oriC region of each 160 Mollicute chromosome were determined using the Motif Alignment and Search Tool (MAST) 161 and the found MEME matrix (36). Positive and negative DNA strands were treated as separate 162 strands, and only motifs with a p-value below 1.0 x 10 -5 were considered as significant hits.
Plasmids construction
165
Plasmids and oligonucleotides used in this study are listed in Table 1 and Table S1 , 166 respectively. Detailed methodology of oriC plasmids construction is described in Supplementary   167 material (Text S1). M. florum oriC plasmids were constructed as depicted in Figure 2 . centrifuging 1 ml of a mid-logarithmic-phase bacterial culture at 21,100 x g for 1 min at 10°C.
191
The cell pellet was washed with S/T buffer (10 mM Tris-HCl pH 6.5, 250 mM NaCl) and 192 centrifuged again using the same conditions. Cells were resuspended in 200 µl of 0. mid-logarithmic growth phase, corresponding to ~2.5 x 10 7 CFU/ml and ~5.0 x 10 9 CFU/ml,
264
respectively. Both cultures were centrifuged at 8,000 x g for 5 min, and cell pellets were 268 coli donor cells to obtain different mating ratios (see Table S3 ). For each mating ratio, mixed twice with an equal volume of electroporation buffer (272 mM sucrose, 1 mM HEPES pH 7.4).
285
Cells were centrifuged again at 21,100 x g for 1 min at 4°C and the cell pellet was resuspended in per recipient CFU. Assays were performed using three independent biological replicates.
Results
297
Antibiotic susceptibilities of M. florum L1
298
While several studies have established antibiotic susceptibilities in members of the
299
Mollicutes class, the sensitivity of M. florum to some commonly used antibiotics was lacking.
300
Using growth inhibition assays, we tested 12 antibiotics commonly used for genetic manipulation 301 in bacteria (Table 2) . We confirmed that some drugs were ineffective against M. florum, which
302
could be used to eliminate contaminating bacteria when needed. As expected, M. florum L1
303
showed natural resistance to ampicillin, rifampicin, sulfamethoxazole and trimethoprim,
304
displaying MICs above 100 µg/ml for each of these antibiotics (Table 2) . Interestingly, M. florum 305 was resistant to kanamycin and gentamicin but slightly susceptible to streptomycin and 306 spectinomycin. M. florum also showed a high sensitivity to chloramphenicol, erythromycin and 307 puromycin, exhibiting MICs of 5 to 8.5 µg/ml, 1 to 1.5 µg/ml and 8 to 15.5 µg/ml, respectively 308 (Table 2) . Finally, M. florum showed a susceptibility to tetracycline with a MIC of less than 10 309 µg/ml. Growth analysis revealed that pMflT-o4 transformants were not affected by tetracycline 371 concentrations considerably higher than those tolerated by M. florum L1 (Fig. S2A) . In fact, the 372 tetM gene conferred a resistance to tetracycline concentrations exceeding 100 µg/ml (Table 3) , a 373 concentration at least 10 times higher than the MIC of the M. florum wild-type strain (Table 2) . pMflET-o4, pMflPT-o4, and pMflST-o4 plasmids, respectively (Fig. 2) . We observed that the 379 pac gene included in pMflPT-o4 conferred a protection against more than 200 µg/ml of 380 puromycin (Table 3 and Fig. S2B ), a concentration 20 times higher than the MIC of the wild-type 381 L1 strain (Table 2) . Similar results were obtained with M. florum carrying pMflST-o4 growing in 382 medium with or without spectinomycin or streptomycin ( Fig. S2C and D, pMflT-o3 or pMflT-o4 were analyzed by Southern blot using a radiolabeled probe targeting a 392 region of the tetM gene to discriminate between the integrated and extrachromosomal forms of 393 the plasmids (Fig. S3) . Interestingly, all pMflT-o3 and pMflT-o4 tested clones showed the 394 presence of recombination events with the host chromosome after an overnight growth with 395 selective antibiotics ( Fig. 3B and C) . More specifically, the majority of pMflT-o3 tested clones 396 exhibited a recombined form of the plasmid at the dnaA/dnaN intergenic region (10 out of 12),
397
while only 2 clones showed a band corresponding to the recombined element at the rpmH/dnaA 398 region (Fig. 3B) . In addition, a total of 17 out of 24 analyzed clones were found to carry the oriC 399 plasmids as extrachromosomal elements (9/12 for pMflT-o3, and 8/12 for pMflT-o4). All clones pMflT-o3 or pMflT-o4 under continuous culture conditions for 48 hours without tetracycline.
416
Colony counts revealed no significant reduction in tetracycline resistant colonies during and after 417 continuous growth without selective pressure ( Fig. 4B and C (Fig. 5A) . Indeed, transformation frequency was just above the 429 detection limit of approximately 1 x 10 -9 transformant per viable cell when 0.5 kV was used (2.18 430 x 10 -9 transformant per viable cell), while using 2.5 kV yielded more than 70,000 transformants 431 per ml of M. florum culture (7.87 x 10 -6 transformant per viable cell), which is comparable to the 432 frequency observed for PEG-mediated transformation (Fig. 3A) .
434
Bacterial conjugation is another common method to deliver plasmids in several species. We previously observed that the oriC region of closely related Mollicutes shared some 453 similarities relatively to their sequence and DnaA boxes organization (Fig. 1, Fig. S1 was also found to be relatively sensitive to streptomycin and spectinomycin (Table 2) .
483
The evaluation of M. florum antibiotics susceptibilities allowed us to investigate the 484 functionality of different markers frequently used in bacteria. As expected, tetM and pac genes 485 conferred M. florum resistance to high concentrations of tetracycline and puromycin ( Fig. 1B and 1C , Fig. S1 , Table S5 ).
500
Our predicted DnaA binding motif is highly consistent with the previously proposed putative were not detected by our motif according to our search parameters. For example, Lartigue et al.
507
(24) proposed a degenerate putative DnaA box located ~30 bp from the start codon of rpmH in
508
M. mycoides and M. capricolum that were not identified by our method (Fig. 1C and Fig. S1 ). approximately the same frequency (Fig. 3A) . These results indicate that cis-expression of the DnaA protein or the spacing provided by the dnaA gene between the two clusters of DnaA boxes 514 is probably not essential for proper plasmid replication and maintenance in M. florum.
515
Intriguingly, even if the majority of analyzed transformants showed extrachromosomal forms of 516 the oriC plasmids after an overnight culture ( Fig. 3B and C) , we observed that recombination 517 with the M. florum chromosome also occurred for all tested clones, corroborating previous 518 observations indicating that oriC plasmids are highly recombinogenic in Mollicutes (18-24, 26).
519
Since both the pMflT-o3 and pMflT-o4 plasmids were present in approximately one copy per cell 520 relatively to the M. florum chromosome (Fig. 4A) , this suggests that a dynamic state between the 521 circular and the integrated forms of the plasmids may exist within a clonal population of cells.
522
Nevertheless, we showed that both constructs were maintained for at least 85 generations (48 523 hours of continuous growth) without any selection ( Fig. 4B and C) . It remains to be determined if However, our results constitute the first reported example of plasmid conjugation from E. coli to 535 a Mollicute species. Although the current results using the RP4 conjugation machinery showed slightly lower plasmid transfer rates than the electroporation and PEG-mediated transformation 537 frequencies (Fig. 3A and Fig. 5 Interestingly, plasmids containing only one oriC intergenic region (pMflT-o1 and pMflT-545 o2) were not able to replicate in M. florum (Fig. 3A) , while only the sole intergenic region 546 located downstream of dnaA was shown to be sufficient for plasmid replication in S. citri (25). mediated transformation procedure. o1, pMflT-o1; o2, pMflT-o2; o3, pMflT-o3; o4, pMflT-o4.
819
Error bars indicate the standard deviation calculated from six independent biological replicates. 
